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ObjectiveObjective
The polyurethane foams (PUF) and composites
with epoxy matrix are used in protective  coat
structure.
The analysis of materials response in conditions
of different heating rates puts the objective of
thermal decomposition mathematical model
generation.
Actual methods of model definition are based on
activation equation systems, therefore equations
quantity should be increased for appropriate
experiment results reproduction.
The increasing of activation equation quantity
does not provide physically proved values of
activation energy and preexponential factor, while
the decreasing of  this quantity causes significant
instability of values.
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Material Thermal Decomposition ModelMaterial Thermal Decomposition Model
with Intensive Decomposition Areawith Intensive Decomposition Area

The increasing of  decomposition material
weight (concentration) as  total differential:

( ) ( ) .dTTCdttCdC
tT

!!+!!=

( ) ( ) ,bTCtCdtdC
tT

!!+!!=
T

t

-temperature,
-time,

dtdTb = - Temperature increment rate.

At constant heating rate
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Material Thermal DecompositionMaterial Thermal Decomposition
Model with IntensiveModel with Intensive
Decomposition AreaDecomposition Area

Main model areas:
Activation decomposition;
Polymer stability wastage and
carbon producing process;
Carbon residue destruction.
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Model equationModel equation
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Table 1Table 1. . Parameters of the polyurethane foam andParameters of the polyurethane foam and
fiberglass thermal decomposition model and coefficient offiberglass thermal decomposition model and coefficient of
correlation between calculated and experimental valuescorrelation between calculated and experimental values

0.99530.3341.36114.7503100FGEM

0.99780.2471.38915.5506100FGEM

0.99760.1650.82713.248950FGEM 0.9852

0.9974

0.194

0.1710.652

13.2

10.847620FGEM
0.98460.2681.22513.1432100PUF
0.99740.1600.94313.540850PUF 0.9929
0.9980

0.211
0.2640.671

13.0
12.438620PUF

31
Coefficient of

correlation
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The parameter analysis of thermal
decomposition model in researched area
displays:

Discriminating temperature values ТТ00, and  СС as
well –  are the material heating rate functions;
For nn & kk values there is no definite functional
dependence upon their determination conditions.

When calculating the values correlation
coefficients, factors n & k were considered constant
for each material and average in suitable range of
heating rate, and T0 & С values were taken as linear
approximation:

 For PUF – RR*=0,993,
 For FGEM - RR*=0,985. 



8

FigureFigure 1.  1. Experimental (1) andExperimental (1) and
calculated (2) TGA curves atcalculated (2) TGA curves at

20 20 °°СС/min heating rate./min heating rate.

Figure 2. Figure 2. Experimental (1) andExperimental (1) and
calculated (2) TGA curves atcalculated (2) TGA curves at

50 50 °°СС/min heating rate./min heating rate.

Functions of TGA experiment and fiberglassFunctions of TGA experiment and fiberglass
epoxy matrix modelepoxy matrix model

(model with equations (model with equations (1), (2), (3))(1), (2), (3))
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FigureFigure 3. 3.  Experimental (thick) and calculated (thin)Experimental (thick) and calculated (thin)
TGA curves for PU at 5 TGA curves for PU at 5 °°СС/min heating rate./min heating rate.

 

Weight, 
% 

Time, min 

100 

TGA experimental and model functionsTGA experimental and model functions
for polyurethane by the equations for polyurethane by the equations (1), (2)(1), (2)
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ConclusionConclusion
The mathematical model was developed capable
of describing the PUF and fiberglass
thermogravimetric curves obtained at constant
heating rates in the range 5-100 °С/min in inert
atmosphere. Model characteristics  depend upon
chemical properties of tested polymers.

Coefficients of multiple correlation between
calculated and experimental values for tested
polymers are at least 0,985 and therefore  validate
suggested Material Thermal Decomposition
Model.


